In statin therapy, the prognostic role of achieved low-density lipoprotein cholesterol (LDL-C) and high-sensitivity C-reactive protein (hsCRP) in cardiovascular outcomes has not been fully elucidated. A total of 4,803 percutaneous coronary intervention (PCI)-naïve patients who prescribed moderate intensity of statin therapy were followed up. Total and each component of major adverse cardiovascular events (MACE) according to LDL-C and hsCRP quartiles were compared. e incidence of 5-year total MACEs in the highest quartile group according to the followed-up hsCRP was higher than that in the lowest quartile (hazard ratio (HR) = 2.16, 푝 < 0.001). However, there was no difference between the highest and lowest quartiles of the achieved LDL-C (HR = 0.95, 푝 = 0.743 ).
Introduction
Cardiovascular disease (CVD) is high in prevalence and is an important worldwide contributor to mortality and morbidity.
e underlying lesion of atherosclerosis in CVD includes cholesterol and inflammatory cells, which levels in blood are related to clinical outcomes of CVD [1] [2] [3] . Epidemiological studies have shown that the association between low-density lipoprotein cholesterol (LDL-C) levels correlates to CVD risk [4] . Also, a genetic study using Mendelian randomization showed that serum LDL-C level has a significant impact on the clinical outcomes of CVD [5] . So far, it has been understood that cholesterol-lowering therapy including statin is a primary strategy in the prevention of CVD.
Recently, two major guidelines were announced for the prevention of CVD with cholesterol-lowering therapy, but these guidelines conflict regarding the use of the target levels for LDL-C in statin therapy [6, 7] . e European Society of Cardiology (ESC)/European Atherosclerosis Society (EAS) guideline suggested fixed target levels for the achieved LDL-C [6] , adopting the result of a meta-analysis by the Cholesterol Treatment Trialists' Collaboration (CTTC) involving 170,000 patients [8] , and recommends evaluating achieved LDL-C level to adjust statin intensity [9] . However, in the American College of Cardiology (ACC)/American Heart Association (AHA) guideline [7] , there is no strategy for achieved LDL-C levels, due to lack of clinical trials that titrated statin intensity to specific LDL-C goals to improve CVD outcomes. Instead, the guideline emphasizes statin intensity according to the level of CVD risk to lower future CVD outcomes. Since many patients on statin therapy still have a high incidence of CVD outcomes, it seems that patients with high achieved LDL-C level have a high residual risk of CVD development [7] . In statin therapy, the range of LDL-C reduction is wide due to individual differences in balance between hepatic cholesterol synthesis and intestinal absorption [10] [11] [12] . However, only few studies reported the role of inter-individual responsiveness to statin therapy in CVD prevention with statin therapy.
On the other hand, high cholesterol per se in blood increases systemic inflammation. In response to hypercholesterolemia, the bone marrow and spleen increase production of inflammatory monocytes that enter the circulation, accumulate in lesions, and differentiate into macrophages [13] [14] [15] .
e role of inflammation in driving the atherogenic response to hypercholesterolemia through the vulnerability of atherosclerotic plaque and progression to acute coronary syndrome has been clarified [16, 17] . erefore, monitoring and control of inflammation is also important for the prevention of CVD. C-reactive protein (CRP) is a nonspecific inflammatory reactant produced by the liver. e increase in CRP is due to a rise in the plasma concentration of interleukin-6, produced predominantly by macrophages [18] and adipocytes [19] . At present, CRP is considered a risk marker for CVD in addition to being a prototypical marker of underlying inflammation [18] . However, the clinical significance of followed-up CRP level on future CVD risk in patients with ongoing statin therapy has not been fully determined.
Clinically, despite the fact that the underlying pathology of atherosclerosis in CVD is cholesterol retention and inflammation, the relationship between serum LDL-C level and CRP level is weak with and without statin therapy. In addition, although statins reduce both LDL-C and inflammation, majority of patients on statin therapy still have a higher achieved LDL-C than the target level, or CRP level than normal value, and whether these patients are still at high risk of CVD development is unknown. It is important to identify a proper surrogate marker of future CVD risk in patients with ongoing statin therapy. erefore, in this study, we aimed to investigate whether the two candidate predictors, achieved LDL-C and high-sensitivity (hs) CRP, have different roles in predicting future CVD outcomes of percutaneous coronary intervention (PCI)-naïve patients who received statin therapy at the same intensity.
Results

Baseline Characteristics, Risk Factors, Laboratory Findings, and Co-Medications in the Study Population according to Quartiles of Achieved LDL-C and Followed-Up hsCRP
Levels.
e baseline characteristics of the 4,803 eligible patients across the quartiles of achieved LDL-C and followed-up hsCRP quartiles are described in Tables 1 and 2, Supplementary  Tables S1 and S2 . According to LDL-C quartiles, the majority of the study population was at moderate-to-high risk of CVD, due to higher age (mean age, range 58.1-60.6 years), prevalence of diabetes (range 49.0-67.6%) and hypertension (range 64.2-70.6%) than in the general population. About 25% of the study subjects had angina pectoris, but had not received coronary intervention (Table 1) . As shown in Table 2 , the baseline clinical characteristics, risk factors, and comorbidities, statins with co-medication used, and laboratory findings in quartiles of the study population according to the followedup hsCRP levels showed similar trend to those of the LDL-C. Overall, in the quartiles of the study population according to the achieved LDL-C levels, as achieved LDL-C increased, the proportion of male gender, age, presence of diabetes, use of antiplatelet agents, and ARB decreased, but with increasing followed-up hsCRP level, the proportion of male gender, age, presence of diabetes, triglyceride, and apolipoprotein B level, and medication with warfarin, diuretics, and ARB increased (Tables 1 and 2, Supplementary Tables S1 and S2 ).
Comparison of Clinical Outcomes Associated with Achieved LDL-C and Followed-Up hsCRP Levels.
e clinical followup duration was 1,750 ± 770 days. Before adjustment of the potential confounders, the 5-year incidence of MACEs in the highest quartile of the achieved LDL-C level was not higher than that in the lowest quartile of the achieved LDL-C level (hazard ratio (HR) = 0.83, 95% confidential intervals (CI) = 0.62-1.11, 푝 = 0.210), but the 5-year incidence of MACEs in the highest quartile of the followed-up hsCRP level was higher than that in the lowest quartile of the followed-up hsCRP level (HR = 2.62, 95% CI = 1.95-3.54, 푝 < 0.001), A er adjustment of potential confounders such as age, sex (male), cardiovascular risk factors (hypertension, diabetes, chronic kidney disease, heart failure, AF, and angina pectoris), comedications (aspirin, clopidogrel, cilostazol, warfarin, beta blockers, diuretics, ARB, ACEI, calcium channel blockers, nitrates, trimetazidine, nicorandil, and molsidomine), and calendar dates, the incidence of MACEs in the highest quartile group according to the followed-up hsCRP level was still higher than that in the lowest quartile of the followedup hsCRP level (HR = 2.16, 95% CI = 1.76-2.65, 푝 < 0.001), but not different between the highest and lowest quintiles of the achieved LDL-C level (HR = 0.95, 95% CI = 0.70-1.28, 푝 = 0.743) (Figure 1 ). e comparisons of 5-year incidence for each component of MACE (total death, myocardial infarction, sudden cardiac arrest, de novo PCI, new-onset persistent AF, new-onset heart failure, and stroke), to the quartiles according to achieved LDL-C levels and to the followed-up hsCRP levels are shown in Figure 2 . A er adjustment of the potential confounders, the 5-year incidence of total death, de novo PCI, AF, heart failure, in the highest quartile of the followed-up hsCRP levels were higher than those in the lowest quartile group (all 푝 < 0.05). However, the 5-year incidence of only de novo PCI in the highest quartile groups according to the achieved LDL-C levels was higher than that in the lowest quartile group (푝 = 0.003).
erefore, achieved LDL-C level had a different association with CVD outcomes from that with followed-up hsCRP levels in patients with moderate statin therapy.
Discussion
In the present study, the followed-up hsCRP level was more widely associated with various CVD outcomes including death and myocardial infarction, de novo PCI, development of AF, and heart failure. On the other hands, achieved LDL-C was only associated with de novo PCI in patients with moderate statin use. us, followed-up hsCRP levels are more powerful predictors of future CVD risk than achieved LDL-C levels in PCI-naïve patients with ongoing moderate intensity statin therapy.
In addition to cholesterol lowering effect, statins improve endothelial function, increase vascular nitric oxide bioavailability, reduce oxidative stress, and improve endothelial progenitor cell function [20] [21] [22] , and these nonlipid changing pleiotropic effects can also affect plaque vulnerability and CVD events. It is intriguing that the relationship between cholesterol level and CRP level remains very weak even with statin therapy, even with the fact that hypercholesterolemia LDL-C, low-density lipoprotein cholesterol; BMI, body mass index; HTN, hypertension; DM, diabetes mellitus; CKD, chronic kidney disease; eGFR, estimated glomerular filtration rate; HF, heart failure; AF, atrial fibrillation; TC, total cholesterol; TG, triglyceride; HDL-C, high-density lipoprotein cholesterol; hsCRP, high-sensitivity C-reactive protein; HbA1c, glycated hemoglobin; Cr, creatinine; Apo, apolipoprotein. 
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Ridker et al. showed that statin therapy results in a greater clinical benefit when levels of CRP are high, and that statins lower CRP levels in a manner largely independent of LDL-C levels [23] . In the PROVE IT-TIMI 22 (Pravastatin or Atorvastatin Evaluation and Infection erapy-rombolysis In Myocardial Infarction 22) trial using either 80 mg of atorvastatin or 40 mg of pravastatin, the correlation between the achieved values was small, so that less than 3% of the variance induces systemic inflammation [13] [14] [15] . To date, numerous randomized controlled trials with statins and meta-analyses of trials using different intensities of statins assert that the amount of LDL-C lowering is related to CVD prevention, however, it is still uncertain that cholesterol and inflammation play different roles in clinical outcomes, because the amount of cholesterol lowering ranges widely among individuals at the same intensity of statin dose in clinical trials [10] [11] [12] . 1: e cumulative incidences of total MACE, according to achieved LDL-C level and followed-up hsCRP level before and a er adjustment of potential confounding factors. † Major adverse cardiovascular event, was a composite of total death, acute myocardial infarction and cardiac death, de novo percutaneous coronary intervention, atrial fibrillation (AF), heart failure, and stroke. ‡ Potential compounding factors are the following; age, sex, cardiovascular risk factors (HTN, DM, CKD, HF, AF, and angina pectoris), co-medications (aspirin, clopidogrel, cilostazol, warfarin, BB, diuretics, ARB, ACEI, CCB, nitrates, trimetazidine, nicorandil, and molsidomine). * * Quartile 2 and Quartile 3 were slightly overlapped. MACE; major adverse cardiovascular events; LDL-C, low-density lipoprotein cholesterol; hsCRP, high-sensitivity C-reactive protein; HR, hazard ratio; CI, confidential intervals; N/A, not available; HTN, hypertension; DM, diabetes mellitus; CKD, chronic kidney disease; HF, heart failure; AF, atrial fibrillation; BB, beta blocker; ARB, angiotensin II receptor blocker; ACEi, angiotensin converting enzyme inhibitor; CCB, calcium channel. because the dose-response relationship for all statins is curvilinear [25] . In general, a doubling above the minimal effective dose decreases serum LDL-C concentrations by an additional 6% [25] . is pharmacologic response may further potentiate inter-individual variability of achieved LDL-C levels with statin therapy. However, statins have dose-dependent pleiotropic effects [26, 27] . We postulate that this discrepancy between LDL-lowering and pleiotropic effects can explain the fact that the LDL-C change with statins is irrelevant to that of hsCRP.
erefore, when the effect of statins with achieved cholesterol level on CVD prevention is evaluated, it is reasonable to relate in followed-up CRP levels was explained by the variance in achieved LDL-C levels [24] . However, the authors demonstrated a linear relationship between the levels of LDL-C achieved a er statin therapy and the risk of CVD events, and a similar linear relationship between the levels of followed-up CRP and the risk of CVD, in spite of the almost complete independence of followed-up CRP and achieved LDL-C levels [24] .
e exact mechanism of the result is not fully elucidated. It is reported that the response of cholesterol lowering to increases in the statin dose intensity is not proportional, T 2: Baseline characteristics and statins usage according to quartiles of followed-up hsCRP level.
LDL-C, low-density lipoprotein cholesterol; BMI, body mass index; HTN, hypertension; DM, diabetes mellitus; CKD, chronic kidney disease; eGFR, estimated glomerular filtration rate; HF, heart failure; AF, atrial fibrillation; TC, total cholesterol; TG, triglyceride; HDL-C, high-density lipoprotein cholesterol; hsCRP, high-sensitivity C-reactive protein; HbA1c, glycated hemoglobin; Cr, creatinine; Lp, lipoprotein; Apo, apolipoprotein. F 2: e 5-year incidence of total MACE and each component according to the achieved LDL-C and followed-up hsCRP. Subgroup analysis of the adjusted HR for the 5-year incidence of total death, AMI and cardiac death, de novo PCI, atrial fibrillation, heart failure, and stroke according to achieved LDL-C level and followed-up hsCRP level during the 5-year follow-up period, a er moderate intensity of statin therapy. MACE; major adverse cardiovascular event, LDL-C; low density lipoprotein cholesterol, hsCRP; high-sensitivity C-reactive protein, HR; hazard ratio, CI; confidential intervals, Q; quartile, AMI; acute myocardial infarction, PCI; percutaneous coronary intervention.
showed that intestine-derived cholesterol has an effect on CVD risk as strong as cholesterol from hepatic synthesis [37] .
Intervention that reduced intestinal cholesterol also reduced CVD risks in clinical studies [38, 39] . us, increasing effects of intestinal cholesterol with statin therapy can offset the LDL-C lowering effect, and this can explain why LDL-C lowering is less relevant than CRP in prediction of CVD outcomes. One genetic study showed that LDL-C lowering by statins had only one-third of the CVD prevention effect of LDL-C lowering due to genetic effects [5] . Until now, CVD prevention effects with statin therapy were considered to be predominantly due to LDL-C lowering, and the pleiotropic effect of statins was considered to be a secondary phenomenon related to LDL-C lowering. erefore, we assume that it is difficult to separate these statin effects. However, the results of the present study suggest that the CVD prevention effect of statins is more dependent upon pleiotropic effects than LDL-C lowering. is study also has some limitations. It is based on single center, observational registry data. However, we carefully select a study population with the same intensity of statin therapy and adjust various potential confounders to overcome a weakness of previous trials. Nonetheless, this study was designed to generate a hypothesis to clarify the role of achieved LDL-C level and followed-up hsCRP level using different intensities of statin dose. Secondly, as shown in our data, the effect of CRP on CVD events was consistently high, when followed-up hsCRP was higher than 2 mg/L, regardless of LDL-C level in ongoing statin therapy. Further increments of statin intensity can reduce CVD events. It is also important to note that the study subjects were at moderate-to-high risk, with older age at around 60, and with a high prevalence of diabetes and hypertension, all of which are well known to be associated with chronic inflammation independent of cholesterol level, despite the adjustment of compounding factors. erefore, the results of this study are not applicable to all age groups, and further studies are needed. Lastly, although we enrolled only Asian population, the data is not sufficient to apply the result to other race. Despite these limitations, the results of this study are important for the prevention of CVD, because the role of statins in preventing clinical outcomes was identified, independent of LDL-C level achieved with statin therapy; therefore, this result can relieve some concerns about whether we should monitor the cholesterol and hsCRP levels with statin use in clinical practice.
In conclusion, statins reduced LDL-C level, hsCRP level, and cardiovascular clinical outcomes. However, the effect of achieved LDL-C levels on CVD outcomes is less than that for followed-up hsCRP level in patients with ongoing statin therapy. erefore, hsCRP level would be recommended as a surrogate predictive marker for future CVD events of PCI-naïve patients with statin therapy.
Materials and Methods
Study Population, Definition of Risk Factors, and Clinical Follow-Up.
e study protocol conforms to the ethical the achieved cholesterol level to the effect of CVD prevention differently according to statin intensity, and to adjust the dose-dependent pleiotropic effects of statins. In the current study, nonetheless we showed that both LDL-C and hsCRP are associated with CVD outcomes, the associations are quite different. We evaluated the relationship of hsCRP level with the same statin intensity to CVD outcomes, and showed that the relationship with most CVD outcomes with achieved CRP level was persistent, whereas achieved LDL-C level was related only to de novo PCI procedures. In the JUPITER (Justification for the Use of Statins in Primary Prevention: An Intervention Trial Evaluating Rosuvastatin trial) trial, the authors stressed the importance of CRP level in future CVD events regardless of LDL-C level.
In meta-analysis of clinical trials with various intensities of statins, the CTTC group concluded that every 1.0 mmol/L reduction in LDL-C is associated with a corresponding 22% reduction in atherosclerotic CVD mortality and morbidity [8] . However, we speculate that a different intensity of statin dose has an independent CVD reduction rate at the same level of achieved LDL-C, and that a considerable portion of statin therapy is overestimated or underestimated, depending upon statin intensity or LDL-C lowering. erefore, future pooled analysis of statin trial needs to consider statin intensity to evaluate whether achieved LDL-C level is associated with a preventive effect in patients on statin therapy. In this context, the present study showed a powerful relationship between followed-up hsCRP level and various CVD outcomes compared with achieved LDL-C in ongoing statin therapy with moderate intensity.
It is interesting that the pleiotropic effect of statins is more predictive of clinical outcomes than the effect on cholesterol in the present study with moderate statin therapy. is result is associated with the definition of MACE as a composite with several clinical outcomes that may involve inflammation. Only de novo PCI, which is known to involve a pure atherosclerotic process, was dependent upon both achieved LDL-C and followed-up CRP levels; however, the contribution of de novo PCI was not so prominent in total MACE. Our data showed occurrence of death, myocardial infarction, AF, and heart failure are associated with inflammation, as well as de novo PCI procedures. erefore, the majority of MACE is more dependent upon hsCRP levels. us, CRP level needed to be monitored during ongoing moderate statin therapy in patients with moderate-to-high risk.
In addition to inter-individual variation of LDL-C lowering and the pleiotropic effects of statin therapy, there is a substantial evidence that achieved LDL-C level is less reliable for prediction of future CVD events, considering the significance of intestine-derived cholesterol in CVD risk. Statins shi the cholesterol source from hepatic synthesis to intestinal absorption to buffer the effect of mevalonate inhibition [28] . Recent studies have shown that intestinal apolipoprotein-B48-containing chylomicron remnants contribute to atherogenesis and are a significant risk factor for CVD [29] . Several basic studies revealed the presence of intestinal cholesterol in atherosclerotic plaques [30] [31] [32] , and clinical studies showed the significance of intestinal cholesterol in direct CVD risk [33] [34] [35] [36] . A Mendelian randomized study also
Statistical Analysis for the Laboratory and Clinical
Data. For continuous variables, differences between two groups were evaluated by using Student's t-test or the MannWhitney rank sum test, and those between three groups were evaluated by using the one-way analysis of variance. Data were expressed as mean ± standard deviation. For discrete variables, differences were expressed as counts and percentages and analyzed by using either the chi-square or Fisher's exact test, when appropriate. In order to adjust for potential confounders, multivariate Cox proportional regression analysis was performed. We tested all available variables that could be of potential relevance: age, sex (male), cardiovascular risk factors (hypertension, diabetes, chronic kidney disease, heart failure, AF and angina pectoris), co-medications (aspirin, clopidogrel, cilostazol, warfarin, beta blockers, diuretics, angiotensin receptor blockers (ARB), angiotensin-convertingenzyme inhibitors (ACEI), calcium channel blockers, nitrates, trimetazidine, nicorandil, and molsidomine), and calendar dates. e incidence of total MACEs and each component at 5-year follow-up was estimated by using the Kaplan-Meier method, and between-group differences were compared using the log-rank test. For the adjustment of compounding factors, the total MACEs were assessed using multivariate Cox proportional hazard regression models. All statistical analyses were performed using SPSS 20.0 statistical so ware (SPSS Inc., Chicago, IL, USA).
Data Availability e data used to support the findings of this study are available from the corresponding author upon request.
Conflicts of Interest
e authors declare that they have no conflicts of interest.
Authors' Contributions E.L. and H.S.S. and had full access to all of the data in the study and take responsibility for the integrity of the data and accuracy of the data analyses. M.H.H., Y.L., E.L., and H.S.S. conceiving, designing, or planning the study. M.H.H., Y.L., B.G.C., J.O.N., C.U.C., and J.W.K., and H.S.S. obtaining, analysing or interpreting data. M.H.H., Y.L., E.J.K., S.-W.R., C.G.P., E.L., and H.S.S. writing, editing or commenting on the manuscript. M.H.H., Y.L., B.G.C., J.O.N., C.U.C., J.W.K., E.J.K., S.-W.R., C.G.P., E.L., and H.S.S. approving the published version and agreeing to be accountable for the accuracy and integrity. Acknowledgments e funding sources had no role in the study design. e financial supporters had no control over the collection, analyses, or interpretation of any study data, nor did they control the writing of the manuscript or the decision to submit the manuscript for publication. is study was partly supported by a grant from the National Research Foundation of Korea guidelines of the Declaration of Helsinki and its later amendments or comparable ethical standards.
e study protocol has been approved by the institutional review board of ethics committee on research on humans of Korea University Guro Hospital (#KUGH15312).
Between January 2005 and February 2014, a consecutive 29,175 statin-naive patients visited the Cardiovascular Center at the Korea University Guro Hospital in Seoul, South Korea. Among, 13,503 received moderate-intensity statin treatment (atorvastatin, simvastatin, or rosuvastatin) for at least 6 months a er baseline lipid profile testing and were followed up clinically for at least 5 years. All patients in the cohort were followed up in the outpatient department of Korea University Guro Hospital. Among the patients, 1,023 who underwent a previous PCI were excluded. In addition, 968 patients who did not have data on their achieved LDL-C level and 7,267 patients who did not measure followed-up hsCRP level were excluded (558 patients missed both measurements). Finally, a total of 4,803 patients, who had not received PCI but prescribed moderate intensity of statin therapy with available data on both baseline blood lipids and hsCRP values, were finally enrolled (Supplementary Figure S1) . Demographic data and risk factors such as the presence of a previous myocardial infarction, coronary spasm, heart failure, peripheral arterial disease, chronic kidney disease, and stroke, as well as medications, were also evaluated. Hypertension was defined as a systolic blood pressure of ≥140 mm Hg and/or a diastolic blood pressure of ≥90 mm Hg on at least two consecutive readings in the outpatient clinic. Diabetes was defined as a fasting blood glucose level ≥126 mg/dL, a glycated hemoglobin A1c level >6.5%, or current use of medications. e serum lipid profile, including LDL-C, high-density lipoprotein cholesterol, and triglyceride, fasting glucose, and serum hsCRP levels were measured by using chemiluminescence (Immulite; DPC Cirrus Inc., Los Angeles, CA, USA). High-, moderate-, and low-intensity statin therapies were defined according to the ACC/AHA guidelines on the treatment of blood cholesterol at any time during the study [7] . As previous studies showed that Asians may not need a higher intensity of statin therapy than that given to Caucasians to achieve target LDL-C levels owing to their different genetic and clinical backgrounds, most Asians received a moderate-instead of high-intensity statin therapy in real clinical practice [40] [41] [42] . erefore, we exclusively included patients who received moderate-intensity of statins.
e achieved LDL-C and followed-up hsCRP values taken at baseline and a er 6 to 9 months of treatment with statin therapy were recorded. e demographic data, cardiovascular risk factors, and medical history records were mainly dependent on patient self-reporting, but the final records were le to physician discretion a er all of the subjects had comprehensive evaluation of self-reported data and in-hospital examination results. e primary endpoint was a total major adverse cardiovascular event (MACE), i.e., the incidence of cumulative clinical events such as composite of total death, myocardial infarction, sudden cardiac arrest, de novo PCI, new-onset persistent atrial fibrillation (AF), new-onset heart failure, and stroke, and the secondary endpoint was the incidence of each clinical event of the primary endpoint. Table S1 : baseline characteristics of co-medications usage according to quartiles of achieved LDL-C level. Table S2 : baseline characteristics of co-medications usage according to quartiles of followed-up hsCRP level. Figure S1 : study flow chart. (Supplementary Materials) 
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